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pasture  continues  to  be  the  principal  driver  of  deforestation  in  the  developing  world  (Houghton,  2003; 
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(2)  the behavior of  land-use change mediated DOM as  it moves  from land  to sea. Finally, we employed 
a  hydrodynamic  model  to  investigate  connectivity  between  terrigenous  cDOM  and  the  environmentally 
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The  Belize  River  has  two  principal  subcatchments:  the  Macal  River  (1,466  km2)  and  the  Mopan  River 
(3,690 km2) (Figure 1). Both drain from relatively pristine forested landscapes above 400 m elevation with-
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and February 2019 along with a digital elevation model (DEM) (Lehner et al., 2008). Model validation data 











2.3. Water Sample Collection
Water  samples  were  collected  during  three  visits  between  October  2018  and  October  2019  at  locations 
shown in Figure 1 (split by sampling visit  in Figure S4). The dam complex (October 2019) and tributar-
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2.5. Parallel Factor Modeling
Excitation-Emission Matrices produced via fluorescence spectrophotometry were modeled via parallel fac-









2.6. Theoretical Mixing Lines




























































A total of 207 excitation emission matrices were  included in the analysis, resulting  in a  five-component 
model which explained 98.2% of sample fluorescence, and which was split-half validated for randomized di-
visions of the data set (Tucker's Congruence Coefficients >0.91 for Ex loadings and >0.96 for Em loadings). 


















3.3. DOM Composition in the Mopan and Macal Rivers






















Ex max (nm) Em max (nm) Coble peaks Murphy et al. (2011) Lambert et al. (2016)
C1 <255 (355) 470 C Humic-like (350, 420–480) G1 – Terrestrial humic-like fluorescence C1 – Terrestrial humic-like. High 
aromaticity, high molecular 
weight (MW), photo sensitive
C2 <255 (310) 410 M Marine humic-like (312, 380–420) G2 – Microbial humic-like fluorescence C2 – Microbial humic-like. 
Aliphatic, low MW
C3 360 438 C Humic-like (350, 420–480) G3 – Wastewater/nutrient enriched tracer C5 – Humic-like Low aromaticity, 
low MW. photoproduct
C4 265 314 B Tyrosine-like (275, 310) G7 – Tyrosine-like C6 – Protein-like Aliphatic, low 
MW, autochthonous, biolabileC5 290 352 T Tryptophan-like (275, 340) G6 – Tryptophan-like
Note. Lambert et al. (2016) gained supplemental insight using molecular techniques, and that insight is given in italics.
Table 1 
Characterization of Fluorophores C1–C5 According to Excitation and Emissions Maxima, Coble Peaks (Coble, 1996), a Large Parallel Factor Model (Murphy 
et al., 2011), and a Study of DOM Composition in a Tropical River Network (Congo; Lambert et al., 2016)
Journal of Geophysical Research: Biogeosciences






































R2 Intercept Grassland Cropland Water Urban
C1 0.79 −0.54 (0.15) 0.02 (0.01, 6.58) 0.13 (0.02, 69.24) 1.08 (0.03, 5.13) –
C2 0.83 −0.43 (0.12) 0.02 (0.01, 11.81) 0.09 (0.02, 68.35) 0.89 (0.30, 5.04) –
C3 0.73 −0.11 (0.05) 0.01 (0.00, 7.58) 0.03 (0.01, 65.22) 0.22 (0.11, 3.46)
C4 0.67 0.03 (0.01) 0.001 (0.001, 64.00) – – 0.004 (0.002, 5.10)
C5 0.68 −0.03 (0.03) 0.01 (0.001, 55.56) – 0.20 (0.11, 4.26) 0.02 (0.01, 6.94)
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On average, agri-urban dominated  sites  contained a higher proportion of highly aromatic C1 and  light-





















































































































































































20 2018 0.545 0.451 0.131 0.030 0.070 3.13
2019 0.421 0.361 0.103 0.045 0.039 2.85
Mean 0.483 0.406 0.117 0.038 0.055 2.99
24 2018 0.418 0.348 0.100 0.027 0.056 2.70
2019 0.325 0.279 0.080 0.042 0.031 2.44
Mean 0.371 0.314 0.090 0.034 0.044 2.57
30 2018 0.227 0.194 0.055 0.022 0.035 2.06
2019 0.181 0.157 0.047 0.036 0.019 1.83
Mean 0.204 0.175 0.051 0.029 0.027 1.94
34 2018 0.100 0.091 0.024 0.019 0.021 1.63
2019 0.085 0.075 0.025 0.033 0.011 1.42
Mean 0.093 0.083 0.024 0.026 0.016 1.52
Note.  Values  were  obtained  via  theoretical  mixing  lines.  Conservative 
components (C1–C3) are discussed in the text. Conservative fits for other 
(non-conservative)  components  (C4,  C5,  and  DOC)  are  provided  for 
interest only.
Table 3 
Modeled Fluorescence for Dissolved Organic Matter Components and 
Dissolved Organic Carbon (DOC) at 20, 24, 30, and 34 ppt in November 
2018 and October 2019










5. Summary and Conclusions
In  this  study, we used PARAFAC analysis  to  investigate how  the composition of  the aquatic DOM pool 
varied across a land-use gradient in a subtropical watershed. Agri-urban land use was negatively correlated 






















short-lived and minimal, but  that nearshore corals are  likely to be  influenced more strongly. Interaction 
between the Belize River plume,  the Belize Barrier Reef, and the coastal environment more widely may 




























Aronson,  R.  B.,  Precht,  W.  F.,  Macintyre,  I.  G.,  &  Murdoch,  T.  J.  T.  (2000).  Coral  bleach-out  in  Belize.  Nature,  405,  36.  https://doi.
org/10.1038/35011132















Cherrington, E. A., Ek, E., Cho, P., Howell, B. F., Hernandez, B. E., Anderson, E. R., et al. (2010). Forest cover and deforestation in Belize: 
1980–2010.
Cherrington, E. A., Kay, E., & Waight-Cho, I. (2014). Modelling the impacts of climate change and land use change on Belize's water resources: 




under temperate grazed pasture. European Journal of Soil Science, 65(5), 741–750. https://doi.org/10.1111/ejss.12164
Cryer, S. E., Felgate, S. L., Goddard-Dwyer, M., Strong, J. A., Andrews, G., Barry, C. D. G., et al. (2021). Discrete water samples for bioge-















Felgate, S. L., Barry, C. D. G., Cryer, S. E., Mayor, D. J., Carrias, A., Andrews, G., et al. (2021). Discrete water samples for biogeochemical pa-
rameters collected in the Belize River and tributaries – 2019. British Oceanographic Data Centre - Natural Environment Research Council 
10/f754 Discrete biogeochemical data collected in the Belize River and tributaries - 2019 (bodc.ac.uk).
Felgate, S. L., Cryer, S. E., Barry, C. D. G., Mayor, D. J., Carrias, A., Andrews, G., et al. (2021). Discrete water samples for biogeochemical 





Fox, J., & Weisberg, S. (2011). An {R} companion to applied regression. Thousand Oaks, CA: Sage.
Fujisaki, K., Perrin, A.-S., Garric, B., Balesdent, J., & Brossard, M. (2017). Soil organic carbon changes after deforestation and agrosys-










































Journal of Geophysical Research: Biogeosciences
Gücker, B., Silva, R. C. S., Graeber, D., Monteiro, J. A. F., & Boëchat, I. G. (2016). Urbanization and agriculture increase exports and dif-
ferentially alter elemental stoichiometry of dissolved organic matter (DOM) from tropical catchments. The Science of the Total Environ-
ment, 550, 785–792. https://doi.org/10.1016/j.scitotenv.2016.01.158
Gibbs, H. K., Ruesch, A. S., Achard, F., Clayton, M. K., Holmgren, P., Ramankutty, N., & Foley, J. A. (2010). Tropical forests were the pri-





culture on fluvial DOM in temperate and subtropical catchments. Hydrology and Earth System Sciences, 19(5), 2377–2394. https://doi.
org/10.5194/hess-19-2377-2015
Graham, J. A., O'Dea, E., Holt, J., Polton, J., Hewitt, H. T., Furner, R., et al. (2018). AMM15: A new high-resolution NEMO configuration 
for operational simulation of  the European north-west shelf. Geoscientific Model Development, 11, 681–696. https://doi.org/10.5194/
gmd-11-681-2018
Guihou, K., Polton, J., Harle, J., Wakelin, S., O'Dea, E., & Holt, J. (2018). Kilometric scale modeling of the North West European shelf 
seas: Exploring the spatial and temporal variability of internal tides. Journal of Geophysical Research: Oceans, 123, 688–707. https://doi.
org/10.1002/2017JC012960
Hartshorn, G. S., Nicolait, L., Hartshorn, L., Bevier, G., Brigtman, R., Cal, J., et al. (1984). Belize country environmental profile: A field study 
(USAID Contract No. 505-0000-C-00-3001-00).













Karanfil, T., Erdogan, I., & Schlautman, M. A. (2003). Selecting filter membranes for measuring DOC and UV254. Journal - American 
Water Works Association, 95, 86–100. https://doi.org/10.1002/j.1551-8833.2003.tb10317.x
Karper, J., & Boles, E. (2004). Human impact mapping of the Mopan and Chiquibul rivers within Guatemala and Belize with comments on 







need for a unified conceptualization. Trends in Ecology & Evolution, 36, 113–122. https://doi.org/10.1016/j.tree.2020.10.006
Kothawala, D. N., Murphy, K. R., Stedmon, C. A., Weyhenmeyer, G. A., & Tranvik, L. J. (2013). Inner filter correction of dissolved organic 
matter fluorescence. Limnology and Oceanography: Methods, 11, 616–630. https://doi.org/10.4319/lom.2013.11.616
Lambert, T., Bouillon, S., Darchambeau, F., Massicotte, P., & Borges, A. V. (2016). Shift in the chemical composition of dissolved organic 
matter in the Congo River network. Biogeosciences Discussions. 13, 5405–5420. https://doi.org/10.5194/bg-2016-240
Lanza, G. (2019). Chalillo dam project , Belize Central America: An update on the ecological health of the Macal River watershed.
Lehner, B., Verdin, K., & Jarvis, A. (2008). New global hydrography derived from spaceborne elevation data. Eos, Transactions, American 
Geophysical Union, 89, 93. https://doi.org/10.1029/2008EO100001
Lirman,  D.,  &  Manzello,  D.  (2009).  Patterns  of  resistance  and  resilience  of  the  stress-tolerant  coral  Siderastrea radians  (Pallas)  to 
sub-optimal salinity and sediment burial. Journal of Experimental Marine Biology and Ecology, 369, 72–77. https://doi.org/10.1016/j.
jembe.2008.10.024
Liu, Q., Jiang, Y., Tian, Y., Hou, Z., He, K., Fu, L., & Xu, H. (2019). Impact of land use on the DOM composition in different seasons in a 
subtropical river flowing through a region undergoing rapid urbanization. Journal of Cleaner Production, 212, 1224–1231. https://doi.
org/10.1016/j.jclepro.2018.12.030
Lønborg, C., Carreira, C., Jickells, T., & Álvarez-Salgado, X. A. (2020). Impacts of global change on ocean dissolved organic carbon (DOC) 




um: Across rivers, lakes and oceans. The Science of the Total Environment, 609, 180–191. https://doi.org/10.1016/j.scitotenv.2017.07.076
Mayorga, E., Seitzinger, S. P., Harrison, J. A., Dumont, E., Beusen, A. H. W., Bouwman, A. F., et al. (2010). Global Nutrient Export from 






Molotoks,  A.,  Stehfest,  E.,  Doelman,  J.,  Albanito,  F.,  Fitton,  N.,  Dawson,  T.  P.,  &  Smith,  P.  (2018).  Global  projections  of  future 










matter fluorescence in aquatic environments: An interlaboratory comparison. Environmental Science & Technology, 44(24), 9405–9412. 
https://doi.org/10.1021/es102362t
Murphy, K. R., Hambly, A., Singh, S., Henderson, R. K., Baker, A., Stuetz, R., & Khan, S. J. (2011). Organic matter fluorescence in mu-
















Queimaliños,  C.,  Reissig,  M.,  Pérez,  G.  L.,  Soto  Cárdenas,  C.,  Gerea,  M.,  Garcia,  P.  E.,  et  al.  (2019).  Linking  landscape  heterogeneity 
with lake dissolved organic matter properties assessed through absorbance and fluorescence spectroscopy: Spatial and seasonal pat-
terns in temperate lakes of Southern Andes (Patagonia, Argentina). The Science of the Total Environment, 686, 223–235. https://doi.
org/10.1016/j.scitotenv.2019.05.396




Renard, K. G., Laflen, J. M., Foster, G. R., & McCool, D. K. (2017). The revised universal soil loss equation. In Soil erosion research methods. 
https://doi.org/10.1201/9780203739358
Roebuck, J. A., Seidel, M., Dittmar, T., & Jaffé, R. (2019). Controls of land use and the river continuum concept on dissolved organic matter 












and lignin biogeochemistry in a pristine tropical river, Democratic Republic of Congo. Journal of Geophysical Research, 115. https://doi.
org/10.1029/2009JG001180





particulate  organic  carbon  affect  nearshore  ecosystems  of  the  Pacific  coastal  temperate  rainforest.  Limnology & Oceanography,  65, 
2657–2675. https://doi.org/10.1002/lno.11538
Sweetman, B. M., Foley, J. R., & Steinberg, M. K. (2019). A baseline analysis of coastal water quality of the port Honduras marine reserve, 
Belize: A critical habitat for sport fisheries. Environmental Biology of Fishes, 102, 429–442. https://doi.org/10.1007/s10641-018-0811-6
Trumbore, S. E. (1993). Comparison of carbon dynamics in tropical and temperate soils using radiocarbon measurements. Global Biogeo-
chemical Cycles, 7, 275–290. https://doi.org/10.1029/93GB00468
UNEP-WCMC (2018). Global distribution of warm-water coral reefs, compiled from multiple sources including the millennium coral reef 





















Young, C. A.  (2008). Belize's ecosystems: Threats and challenges  to conservation  in Belize. Tropical Conservation Science, 1(1), 18–33. 
https://doi.org/10.1177/194008290800100102
FELGATE ET AL.
10.1029/2021JG006295
19 of 19
